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(57) A process for macromolecularizing phenolic 
compounds or aromatic amine compounds by the 
action of a catalyst comprising an enzyme having a 
polyphenol oxidizing activity in the alkali region; applica- 
tions of the compounds obtained by the above process 
to thickeners, stabilizers, coagulants, emulsifiers, dis- 
persants, water retainers, antioxidants, adhesives, con- 
crete admixtures, dyes, coating materials, petroleum 
recovering agent, soil conditioner, a blow-applied seed 
bearing surface soil stabilizer, deodorants, smell elimi- 
nators, agricultural chemical spreaders, feeding stuff 
binders, bactericides, antimicrobial agents, viral infec- 
tion inhibitors, bioadhesion preventives, biotic repel- 
lents, insecticides, poultices, ink bases or wood treating 
agents; and method of waste water disposal, a method 
of deoxygenaton and a method of treating wood, con- 
crete or soil in which use is made of the above reaction. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a process for s 
enzymatic macromolecularization of phenolic com- 
pounds or aromatic amine compounds and to applica- 
tions of the macromolecules obtained by the process. 
[0002] More particularly, the present invention pro- 
vides a process for producing phenolic compounds or io 
aromatic amine compounds which have increased 
molecular weights by reacting phenolic compounds or 
aromatic amine compounds with an enzyme having a 
polyphenol oxidizing activity in the alkaline pH region, 
and applications of the reaction method of increasing is 
the molecular weight of phenolic compounds or aro- 
matic amine compounds utilizing the above-described 
catalytic activity of the enzyme in the alkali regions to 
obtain thickeners, stabilizers, coagulants, emulsifiers. 
dispersants, water retainers, antioxidants, adhesives, 20 
concrete admixtures, dyes, deodorants, smell elimina- 
tors, coating materials, petroleum recovering agents, 
soil conditioners, blow-applied seed bearing surface soil 
stabilizers, agricultural chemical spreaders, feeding 
stuff binders, bactericides, antimicrobial agents, viral 25 
infection inhibitors, bioadhesion preventives, biotic 
repellents, insecticides, poultices, ink bases and wood 
treating agents; a method of producing these various 
agents; a method of waste water disposal; a method of 
deoxygenation; and methods of treating wood, concrete 30 
and soil, respectively. 

BACKGROUND ART 

[0003] Hitherto, it has been known that phenolic com- 35 
pounds etc. can be macromolecularized by utilizing an 
enzyme such as laccase or polyphenol oxidase pro- 
duced by Basidiomycotina or Deuteromycotina (Journal 
of Biotechnology, 13, 229-241, 1990 and etc. so on). 
However, the laccases or polyphenol oxidases pro- 40 
duced by fungi have their optimal reaction pH in the 
acidic region so that the reaction must be carried out in 
pH region ranging from acidic to neutral in order to cat- 
alyze or accelerate the macromolecularization reaction 
utilizing these enzymes and in addition, the rate of the 45 
macromolecularization reaction is not high enough. 
Also, the natural organic compounds with which these 
enzymes react are mainly polyphenolic compounds 
and, hence, the reaction must be carried out in the pH 
region ranging from acidic to neutral because the opti- so 
mal reaction pH of the enzyme is in the acidic region 
despite the fact that the polyphenolic compounds have 
solubilities which decrease in the pH region from acidic 
to neutral, resulting in a defect that it is impossible to 
efficiently macromolecularize polyphenolic compounds 55 
in high concentrations. Further, although many polyphe- 
nolic compounds are accelerated their autooxidation in 
the alkaline pH region, enzymatic oxidative macromo- 
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lecularization has been carried out in the pH region 
ranging from acidic to neutral, resulting in a defect that 
the autooxidation cannot be utilized effectively. 
[0004] Further, it has been known that phenolic com- 
pounds, etc. can be macromolecularized with bilirubin 
oxidase, too, and this reaction can be utilized in the 
macromolecularization of lignin and dying of cotton 
(WO95-01426, and JP-A-6-3 16874). However, in the 
prior art using bilirubin oxidase, the enzyme-catalytic 
macromolecularization of phenolic compounds, etc., is 
carried out in the pH region ranging from acidic to neu- 
tral and therefore the macromolecularization reaction 
rate is not sufficiently high or there is no description sug- 
gesting that the macromolecularization reaction of phe- 
nolic compounds is accelerated in the alkaline pH 
region by bilirubin oxidase. 

OBJECT OF THE INVENTION 

[0005] An object of the present invention is to provide 
a process of enzyme-catalytically macromolecularizing 
phenolic compounds or aromatic amine compounds in 
the alkaline pH region. 

[0006] Another object of the present invention is to 
provide a process of producing thickeners, stabilizers, 
coagulants, emulsifiers, dispersants. water retainers, 
antioxidants, adhesives, concrete admixtures, dyes, 
coating materials, petroleum recovering agents, soil 
conditioners, blow-applied seed bearing surface soil 
stabilizers, deodorants, smell eliminators, agricultural 
chemical spreaders, feeding stuff binders, bactericides, 
antimicrobial agents, viral infection inhibitors, bioadhe- 
sion preventives, biotic repellents, insecticides, poul- 
tices, ink bases and wood treating agents, comprising 
the step of efficiently macromolecularizing phenolic 
compounds or aromatic amine compounds using an 
enzyme having a polyphenol oxidizing activity in the 
alkaline pH region. 

[0007] Still another object of the present invention is 
to provide thickeners, stabilizers, coagulants, emulsifi- 
ers, dispersants, water retainers, antioxidants, adhe- 
sives, concrete admixtures, dyes, coating materials, 
petroleum recovering agents, soil conditioners, blow- 
applied seed bearing surface soil stabilizers, deodor- 
ants, smell eliminators, agricultural chemical spreaders, 
feeding stuff binders, bactericides, antimicrobial agents, 
viral infection inhibitors, bioadhesion preventives, biotic 
repellents, insecticides, poultices, ink bases and wood 
treating agents, comprising the macromolecules 
obtained by efficiently macromolecularizing the above- 
described phenolic compounds or aromatic amine com- 
pounds. 

[0008] Yet another object of the present invention is to 
provide a method of treating waste water containing 
phenolic compounds or aromatic amine compounds, in 
which the above-described compounds are disposed 
from the waste water by utilizing the above-described 
macromolecularization reaction according to the 
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present invention. 

[0009] Further, yet another object of the present 
invention is to provide a method of deoxygenation in 
which the above-described macromolecularization 
reaction according to the present invention is utilized to 5 
remove dissolved oxygen. 

[0010] Further, object of the present invention is to 
provide a method of treating wood utilizing the above- 
described macromolecularization reaction according to 
the present invention. 10 
[001 1 ] Further, an object of the present invention is to 
provide a method of treating concrete utilizing the 
above-described macromolecularization reaction 
according to the present invention. 

[001 2] Furthermore, an object of the present invention is 
is to provide a method of improving the soil utilizing the 
above-described macromolecularization reaction 
according to the present invention. 

DISCLOSURE OF THE INVENTION 20 

[0013] The present inventors have made intensive 
investigation in order to develop a process of efficiently 
macromolecularizing phenolic compounds or aromatic 
amine compounds. As a result, they have now found 25 
that, surprisingly, use of a suitable enzyme having a 
polyphenol oxidizing activity in the alkaline region, par- 
ticularly in the alkaline pH region not lower than pH 8, 
results in the achievement of efficient macromoleculari- 
zation of phenolic compounds or aromatic amine com- 30 
pounds, thus completing the present invention. 
[0014] Accordingly, the present invention provides the 
followings: 

1) A process of producing phenolic compounds or 35 
aromatic amine compounds having increased 
molecular weights, characterized by comprising 
allowing an enzyme having a polyphenol oxidizing 
activity to act on phenolic compounds or aromatic 
amine compounds in the alkaline pH region to mac- 40 
romolecularize them. 

2) The process as described in 1) above, character- 
ized in that the macromolecularization is carried out 
in the alkaline pH region of not lower than pH 8. 

3) The process as described in 1) or 2) above, char- 45 
acterized in that as the enzyme having a polyphe- 
nol oxidizing activity is used one or more of 
catechol oxidase, laccase, polyphenol oxidase, 
ascorbic acid oxidase or bilirubin oxidase. 

4) The process as described in any one of 1) to 3), so 
wherein use is made of an enzyme having a 
polyphenol oxidizing activity obtained by cultivating 

a bacterium belonging to the genus Bacillus . 

5) The proc ss as described in 4) above, wherein 

the enzyme having a polyphenol oxidizing activity is 55 
an enzyme obtained by cultivating Bacillus licheni- 
formis or Bacillus natto . 

6) The process as described in 5) above, wherein 



the enzyme having a polyphenol oxidizing activity is 
an enzyme obtained by cultivating Bacillus licheni- 
formjsSD3003 (Accession No. FERM BP-5801). 

7) The process as described in any one of 1 ) to 3) 
above, wherein the enzyme having a polyphenol 
oxidizing activity is an enzyme obtained by cultivat- 
ing a fungus belonging to the genus Mvrothecium . 

8) The process as described in 7) above, wherein 
the enzyme having a polyphenol oxidizing activity is 
an enzyme obtained by cultivating Mvrothecium 
verrucaria or Mvrothecium roridum . 

9) The process as described in 8) above, wherein 
the enzyme having a polyphenol oxidizing activity is 
an enzyme obtained by cultivating Mvrothecium 
verrucaria SD3001 (Accession No. FERM BP- 
5520) or Myrothecium roridum SD3002 (Accession 
No. FERM BP-5523). 

10) The process as described in any one of 1) to 9) 
above, wherein the enzyme having a polyphenol 
oxidizing activity is an enzyme which has an opti- 
mal reaction pH in the alkaline region of not lower 
than pH 7.5 when the activity thereof is measured 
with syringaldazine. 

11) The process as described in any one of 1) to 
10) above, wherein the phenolic compound is lignin 
or a lignin derivative. 

12) The process as described in 11) above, 
wherein the lignin derivative is lignosulfonic acid. 

13) The process as described in any one of 1 to 1 0) 
above, wherein the phenolic compound is flavo- 
noid. 

14) The process as described in any one of 1) to 

13) above, characterized in that the macromolecu- 
larization reaction is carried out by adding one or 
more of a quinone compound, unsaturated fatty 
acid, unsaturated alcohol or an unsaturated alkyl 
compound to the phenolic compound or aromatic 
amine compound. 

15) The process as described in any one of 1) to 

14) above, wherein an antimicrobial compound, an 
antiviral compound, a biotic repellent compound, an 
insecticidal compound or a metal ion coexists. 

16) The process as described in any one of 1) to 

15) above, wherein the macromolecularization is 
carried out at a temperature of 0 to 100°C. 

17) Thickeners, stabilizers, coagulants, emulsifiers, 
dispersants, water retainers, antioxidants, adhe- 
sives, concrete admixtures, dyes, coating materi- 
als, petroleum recovering agents, soil conditioners, 
blow-applied seed bearing surface soil stabilizers, 
deodorants, smell eliminators, agricultural chemical 
spreaders, feeding stuff binders, bactericides, anti- 
microbial agents, viral infection inhibitors, bioadhe- 
sion preventives, biotic repellents, insecticides, 
poultices, ink bases or wood treating agents, com- 
prising macromolecular compound produced by the 
process as described in any one of 1) to 16) above. 

18) A process of producing thickeners, stabilizers, 
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coagulants, emulsifiers, dispersants, water retain- 
ers, antioxidants, adhesives, concrete admixtures, 
dyes, coating materials, petroleum recovering 
agents, soil conditioners, blow-applied seed bear- 
ing surface soil stabilizers, deodorants, smell elimi- 
nators, agricultural chemical spreaders, feeding 
stuff binders, bactericides, antimicrobial agents, 
viral infection inhibitors, bioadhesion preventives, 
biotic repellents, insecticides, poultices, ink bases 
or wood treating agents, comprising the step of 
macromolecularizing the phenolic compounds or 
aromatic amine compounds as described in any 
one of 1) to 16) above. 

19) A method of disposing of waste water, charac- 
terized by comprising macromolecularizing phe- 
nolic compounds or aromatic amine compounds in 
waste water in accordance with the method as 
described in any one of 1) to 16) above and remov- 
ing it from the waste water. 

20) A deoxygenating agent for use in the alkaline 
pH region, characterized by comprising a phenolic 
compound or aromatic amine compound and the 
enzyme having a polyphenol oxidizing activity as 
described in any one of 1) to 16) above. 

21) A method of treating wood, characterized by 
comprising impregnating wood with an enzyme 
having a polyphenol oxidizing activity together with 
a phenolic compound or aromatic amine compound 
and macromolecularizing the phenolic compound 
or aromatic amine compound in the wood. 

22) A method of treating concrete, characterized by 
comprising adding to concrete an enzyme having a 
polyphenol oxidizing activity together with a phe- 
nolic compound or aromatic amine compound and 
macromolecularizing the phenolic compound or 
aromatic amine compound in the concrete. 

23) A method of treating soil, characterized by com- 
prising adding to soil an enzyme having a polyphe- 
nol oxidizing activity together with a phenolic 
compound or aromatic amine compound and mac- 
romolecularizing the phenolic compound or aro- 
matic amine compound in the soil. 

DETAILED DESCRIPTION OF THE INVENTION 

[Polyphenol Oxidase] 

[0015] The enzymes used for the purposes of the 
present invention may be any enzyme that has a 
polyphenol oxidizing activity at alkaline pH values. 
Examples of such an enzyme include polyphenol oxi- 
dases such as catechol oxidase, laccase, polyphenol 
oxidase, ascorbic acid oxidase, bilirubin oxidase, or the 
like produced by microorganisms, for example fungi or 
bacteria, or plants. Besides these enzymes, any 
enzyme protein that has a polyphenol oxidizing activity 
at alkaline pH values may also be used in the present 
invention. 



[001 6] As the enzyme to be used in the present inven- 
tion, having a polyphenol oxidizing activity in the alka- 
line pH region, those enzymes are desirable which have 
optimal reaction pH for polyphenol oxidation reaction in 

5 the alkaline region of not lower than pH 7.5 in order to 
carry out efficient macromolecularization reaction. More 
specifically, it is desirable that such enzymes have opti- 
mal reaction pH in the alkaline region of not lower than 
pH 7.5 when the activity thereof is measured with syrin- 

10 galdazine that is described later. 

[0017] Examples of the microorganisms which pro- 
duce the enzymes used for the purposes of the present 
invention include the followings. 

[001 8] As fungi, there can be cited those strains which 

75 belong to the genera falling in Deuteromvcotina . i.e., 
Aspergillus . Botrytis . Mvrothecium . Penicillium . Pestalo- 
tia, Rhizoctonia . Tricoderma. preferably Aspergillus nid- 
ulans, Botrvtis cinerea . Mvrothecium roridum . 
Mvrothecium verrucaria . Mvrothecium prestonii . 

20 Mvrothecium leucotrichum. Penicillium sclerotiorum . 
Penicillium ianthinelium . Pestalotia palmarum. Rhizoc- 
tonia praticola . Tricoderma resii . and Tricoderma viride . 
Of these, particularly preferred are Mvrothecium verru- 
caria SD3001 (Deposited under Accession No. FERM 

25 P-14955 at Research Institute of Biotechnological & 
Industrial Science. Institute of Industrial Science and 
Technology, Ministry of International Trade and Industry, 
at 1-3. Higashi 1-chome, Tsukuba-shi, Ibaragi-ken. 
Japan on May 29, 1995 and transferred to international 

30 deposition under Accession No. FERM BP-5520 on 
April 24, 1996) or Mvrothecium roridum SD3002 
(Deposited under Accession No. FERM P- 15255 at 
Research Institute of Biotechnological & Industrial Sci- 
ence, Institute of Industrial Science and Technology. 

35 Ministry of International Trade and Industry, at 1-3, 
Higashi 1-chome, Tsukuba-shi, Ibaragi-ken, Japan on 
October 29, 1 995 and transferred to international depo- 
sition under Accession No. FERM BP-5523 on April 24, 
1996). 

40 [0019] Other preferred fungi include those strains 
which belong to the genera falling in Basidiomvcotina . 
i.e., Pleurotus. Lentinus . Schizophvllum . Armillarielia . 
Flammulina . Agaricus. Coprinus. Phanerochaete. Phle- 
bja, Lenzites. Melanoleuca . Pholiota . Stereumu . Poiy- 

45 porus. Polyporellus . Microporus . Fomitopsis . 
Pycnoporgs, Trametes, Coriolgs, Daedaleopsis. Rigi- 
dcporu$, Formes, Ganoderma . Trachvderma . Hymeno- 
chaete . and Inonotus . preferably Pleurotus 
cornucopiae . Pleurotus osteratus. Lentinus edodes . 

so Schizophvllum commune . Armillarielia mellea . Flam- 
mulina velutipes . Agaricus bisporus . Coprinus comatus . 
Cpprinus cinergus, Coprinus congreaatus. Phanero- 
chaete chrvsosporium . Phlebia radiata . Lenzites betu- 
!ina. Mglanoleuqg verrucipes. Pholiota nameko . 

55 Stereumu hirsutum . Polvoorus sauamosus. Polyporel- 
!ys badius . Microporus flabelliformis . Fomitopsis pini- 
cola, Pycnoporus coccineus. Trametes orientalis . 
Coriolus versicolor. Coriolus hirsutus . Daedaleopsis tri- 
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color, Rigidoporus zonalis . Fomes fomentarius . Gano- 
derma tucidum . Trachyderma tsunodae. Hvmenochaete 
rubiginosa . and Inonotus mikadoi . 
[0020] Other preferred fungi include those strains 
which belong to the genera falling in Ascomvcotina . i.e., 
Podospora . Neurospora . and Monocillium . preferably 
Podosoora anserina . Neurospora crassa . and Monocil- 
lium indicum . 

[0021] Preferred bacteria include those strains 
belonging to Bacillus alcalophilus. Bacillus amvlolique- 
faciens. Bacillus brevis. Bacillus f irmus. Bacillus licheni- 
formis . Bacillus natto. Bacillus pumilus. Bacillus 
sphaericus, and Bacillus subtilis. preferably Bacillus 
licheniformis , and Bacillus natto . Of these, particularly 
preferred is Bacillus licheniformis SD3003 (Deposited 
under Accession No. FERM P-15383 at Research Insti- 
tute of Biotechnological & Industrial Science, Institute of 
Industrial Science and Technology, Ministry of Interna- 
tional Trade and Industry, at 1-3, Higashi 1-chome, Tsu- 
kuba-shi, Ibaragi-ken, Japan on December 28, 1995 
and transferred to international deposition under Acces- 
sion No. FERM BP-5801 on January 28, 1997). 
[0022] Other preferred bacteria include those strains 
which belong to the genera Azospirillum . preferably 
Azospirillum lipoferum or those strains which belong to 
the genera falling in Actinomvcetales . for example, 
Streptomvces. preferably Streptomvces antibioticus . or 
Aerpbacter, preferably Aerobacter aerooenes . 
[0023] Some preferred plants which contains 
enzymes used in the present invention include Acer 
pseudoplatanum . Dioscorea . Abelmoschus. Psidium . 
Helianthus . potato, apple, pumpkin, cucumber, wheat, 
alfalfa, etc. 

[Preparation of Enzymes] 

[0024] The enzymes used in the present invention can 
be obtained by cultivating strains belonging to the 
above-described microorganisms, for example fungi or 
bacteria, and variants thereof. Besides, they can also be 
prepared by utilizing genetically engineered microor- 
ganisms. That is, the enzymes can be produced by cul- 
tivating, under conditions enabling expression of 
enzyme proteins, host cells transformed with an expres- 
sion vector which includes a DNA vector having a repli- 
cation initiator codon for replicating a vector in the host 
organism, the vector having inserted therein a DNA 
sequence encoding the above-described enzyme pro- 
tein together with suitable promoter, operator, and ter- 
minator DNA sequences having an enzyme expressing 
function in the host organism, or host ceils transformed 
by incorporating in the host cell DNA, a DNA sequence 
encoding the above-described enzyme together with 
suitable promoter, operator, and terminator DNA 
sequences which have an enzyme expressing function 
in the host organism, followed by recovering the 
enzyme protein from the culture medium. 
[0025] The DNA fragments encoding the enzyme pro- 



tein according to the present invention can be obtained 
by conventional methods such as the method in which 
cDNA or genome library from a strain belonging to the 
above-described microorganisms, for example fungi or 
5 bacteria, is used as an isolation source, and a target 
DNA fragment is identified using as a probe which is an 
oligonucleotide synthesized based on the amino acid 
sequence of the enzyme protein according to the 
present invention, the method in which a clone express- 
w ing the activity of an oxidase is screened, or the method 
in which a clone is screened which produces a protein 
that reacts with an antibody against the above- 
described enzyme protein. 

[0026] It is possible to prepare the enzyme protein 
75 according to the present invention by extraction from 
seeds, fruits, leaves or the like of the above-described 
plants. 

[0027] Further, in the cultivation of the strains belong- 
ing to fungi or bacteria and variants thereof for obtaining 

20 the enzyme protein according to the present invention, 
there can be used synthetic medium and nutrition 
medium containing organic carbon sources and organic 
nitrogen sources which are employed conventionally. In 
the case of cultivation, it is desirable that Cu 2+ ions be 

25 added in amounts of 0.001 mM to 10 mM, preferably 
0.01 mM to 1 mM, as metal salt. 
[0028] When it is secreted outside the cells of fungi or 
bacteria, the polyphenol oxidase according to the 
present invention can be recovered from the culture 

30 medium by a well-known method. The recovery proce- 
dure includes a series of operations such as removal of 
cells from the culture medium by centrifugation, filtration 
or membrane separation, and chromatography, for 
example ion exchange chromatography. Also, mem- 

35 brane concentration with ultrafiltration membrane is 
effectively employed. When it is accumulated inside the 
cells of fungi or bacteria or when it exists inside plant tis- 
sues, the enzyme protein can be recovered from the 
microbial cells or plant tissues by a well-known method. 

40 The recovery procedure includes a series of operations 
such as mechanical rupture of the tissue by homogeni- 
zation, isolation and extraction of an enzyme protein 
solution by centrifugation, filtration or membrane sepa- 
ration, and chromatography, for example ion exchange 
45 chromatography. Also, membrane concentration with 
ultrafiltration membrane is effectively employed. 

[Measurement method of Activity] 

so [0029] In the present invention, the measurement of 
polyphenol oxidizing activity of the enzyme protein hav- 
ing a polyphenol oxidizing activity was carried out by 
conducting the reaction in an aqueous solution contain- 
ing 20 ppm of syringaldazine and 100 mM Tris-HCI 

55 buffer or potassium phosphate buffer at an optimal reac- 
tion pH at 20°C and measuring the absorbance at 525 
nm. The amount of activity in which 1 pmol/minute of 
syringaldazine is oxidized was defined as 1 unit (hereaf- 
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ter, abbreviated as "U"). 
[Macromolecularization Method and Its Use] 

[0030] In the process of producing phenolic com- 
pounds or aromatic amine compounds having 
increased molecular weights according to the present 
invention, the concentration of phenolic compounds or 
aromatic amine compounds is 0.01 to 90%, preferably 1 
to 80%. The reaction temperature is 0 to 150°C, prefer- 
ably 0 to 100°C. Further, the reaction pH is 7.0 to 12, 
preferably 7.5 to 10. The activity concentration of the 
enzyme to be used is 1 to 10.000 U/iiter, preferably 10 
to 2,000 U/liter. It is desirable that the enzyme activity 
concentration be adjusted depending on the purpose. 
That is, when more speedy macromolecularization and 
gelation or solidification is contemplated to be achieved, 
the reaction will be carried out at higher activity concen- 
trations. On the other hand, when the reaction is carried 
out at lower activity concentrations, milder macromo- 
lecularization reaction will proceed, giving rise to a more 
homogeneous macromolecule solution as a liquid sub- 
stance, and when the reaction is continued further, mild 
gelation reaction will proceed throughout the reaction 
mixture. When a suitable degree of macromoleculariza- 
tion is reached, the reaction can be terminated by the 
addition of alkali or alkali salts, such as NaOH, NH 3 , 
Na 2 C0 3 , and CaC0 3 , addition of acids such as hydro- 
chloric acid, sulfuric acid, and nitric acid, addition of 
known enzyme inhibitors, or heat treatment such as that 
at 100°C for 15 minutes. 

[0031] The gelled phenolic compounds or aromatic 
amine compounds can optionally be molten again by 
heating at 50 to 230°C. Such a heat melting property is 
a useful property when the compounds are used in 
applications such as a dispersant, an adhesive and a 
coating composition. Also, it is possible to obtain phe- 
nolic compounds or aromatic amine compounds having 
very high molecular weights as a solution by addition of 
hot water or the like after the heat melting to disperse or 
dissolve the compounds above. 

[0032] In order to accelerate the thermal curing, it is 
also possible to add polyols and the like such as furfuryl 
alcohol, sugars and etc. In order to have a physiologi- 
cally active substance contained in the macromolecular 
compound to obtain an immobilized physiologically 
active substance or substance with a controlled release 
of physiologically active substance, it is also possible to 
carry out the macromolecularization with an antimicro- 
bial compound, antiviral compound, a biotic repellent 
compound, an insecticidal compound or a metal ion 
coexisting, or to add an antimicrobial compound, antivi- 
ral compound, a biotic repellent compound, an insecti- 
cidal compound or a metal ion after the 
macromolecularization. As the antimicrobial compound, 
antiviral compound, biotic repellent compound, insecti- 
cidal compound or metal ion used for this purpose, 
there may be used many substances that have been 



known heretofore. 

[0033] The macromolecularization reaction according 
to the present invention uses as an oxidation catalyst an 
enzyme having a polyphenol oxidizing activity and the 

5 oxygen in the air as an oxidizer, which makes it possible 
to apply the present invention to a wide field of applica- 
tions. Further, when production of a large amount of 
macromolecule is contemplated, operations such as 
mechanical stirring of the reaction mixture and addition 

10 of air or oxygen to the reaction system are effective. 
Also, it is possible to carry out the reaction of the 
present invention in which oxygen is used as an oxidizer 
and the reaction in which hydrogen peroxide is used as 
an oxidizer simultaneously by adding to the reaction 

75 mixture peroxidase and hydrogen peroxide, or instead 
of hydrogen peroxide, an oxidase which can generate 
hydrogen peroxide and a substrate thereto. 

[Phenolic Compounds or Aromatic Amine Compounds] 

20 

[0034] As the phenolic compounds or aromatic amine 
compounds to be macromolecularized in the present 
invention, there may be used any compound as far as 
the enzyme used in the present invention can oxidize it. 

25 [0035] Specific examples of such phenolic com- 
pounds or aromatic amine compounds include lignin, 
lignosulfonic acid, humic acid, nitrohumic acid, tannin, 
catechin, gallic acid, urushiol, hesperidin, chlorogenic 
acid, hinokitiol, pyrocatechol, hydroquinone, t-butylhyd- 

30 roquinone, phenylhydroquinone, trimethylhydroqui- 
none, ethyl 3,4-dihydroxycinnamic acid, pyrogallol, 
lauryl gallate, octyl gallate, syringic acid, ferulic acid, 
vanillin, o-vanillin, vanillic acid, vanillyl alcohol, ascorbic 
acid, 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphtha- 

35 lene, 6,7<iihydroxy-2-naphthalenesulfonic acid, 
anthrarobin, alizarin, quinizarin, o-phenylenediamine, p- 
phenylenediamine, 3,4-diaminobenzophenone, o-anisi- 
dine, p-anisidine, o-aminophenol, p-aminophenol, 1,2- 
diaminoanthraquinone, and 1,4-diaminoanthraquinone. 

40 [0036] Compounds other than these may also be used 
as a raw material for macromolecules or as a catalyst 
for the macromolecularization reaction as far as such 
compounds are substances that the enzyme used in the 
present invention can oxidize. Examples of such com- 

45 pounds include ABTS (2,2'-azobis(3-ethylbenzothiazo- 
line-6-sulfonic acid)), bilirubin, isoascorbic acid, 
quercetin, rutin, guaiacol, 4-methoxyphenol, biphenol, 
4,4'-ethylene-dianiline, methylhydroquinone, 1-hydroxy- 
benzotriazole, 6-hydroxy-2,4,5-triaminopyrimidine, 

50 4,5,6-triaminopyrimidine, 2,3-dihydroxypyridazine, 3,6- 
dihydroxypyridazine, 2,3-dihydroxypyridine, 4-hydroxy- 
3-methoxybenzoic acid, methyl 4-hydroxy-3-methoxy- 
benzoate, 4,5-diamino-6-hydroxy-2-mercaptopyrimi- 
dine, 2,3-diaminopyridine, 2, 5-dihydroxy-1.4- 

55 benzoquinone, 2, 5-dihydroxy benzoic acid, 3,4-dihy- 
droxybenzoic acid, 3,4-dihydroxy-3-cyc!obuten-1 ,2- 
dione. 3-(3,4-dihydroxyphenyl)-L-alanine. 2-amino-3- 
hydroxypyridine, 3-amino-2-methoxydibenzofurane, 
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2,4-dimethoxyaniline, 2,5-dimethoxyaniline, 3,4-dimeth- 
oxyaniline, 2',5 , -dimethoxyacetophenone, 3\4'-dimeth- 
oxyacetophenone, 1.4-dimethoxybenzene, veratrol, 2,3- 
dimethoxybenzoic acid, 2,5<Jiemethoxybenzoic acid, 
veratric acid, 3,4-dimethoxybenzyl alcohol, 3,4-dimeth- 
oxyphenethylamine, (3,4-dimethoxy-phenyl)acetic acid, 
(3,4-dimethoxyphenyl)acetonitrile, 4-allyl-2-methoxy- 
phenol, 2-methoxy-4-propenylphenol, 2-methoxy-5- 
methylaniline, 2-methoxy-5-nitroaniline, 4-methoxy-2- 
nitroaniline, 3-methoxysalicylic acid, 3-methylcatechol. 
4-methylcatechol, methylgallate, propyl gal late, 3,4,5-tri- 
methoxyaniline, 3,4,5-trimethoxyphenol, tropolone, pur- 
purpgallin, salicylaldoxime, 3-amino-5,6,7,8-tetrahydro- 
2-naphthol, 1,5-dihydroxynaphthalene, 3,5-dihydroxy-2- 
naphthoic acid, 4-hydroxy-1-naphthalenesulfonic acid, 
purpurin, 2,3-dihydro-9,10<Jihydroxy-1,4-anthracenedi- 
one. and various azo dyes. 

[0037] Also, in order to control the physical properties 
of the macromolecules, it is possible to use a plurality of 
such phenolic compounds or aromatic amine com- 
pounds in combination. 

[0038] Upon producing macromolecularized phenolic 
compounds or aromatic amine compounds according to 
the present invention, qui none compounds may coexist 
which can be macromolecularized in a similar reaction 
path. Examples of such qui none compounds include 
anthraquinone-2-sulfonic acid. anthraquinone-1,5-disul- 
fonicacid, anthraquinone-2,6-disulfonic acid, anthraqui- 
none-2-carboxylic acid, i-aminoanthraquinone, 2- 
aminoanthraquinone, anthrarufine, aminonaphthoqui- 
none, 1 ,8-dihydroxyanthraquinone, camphorquinone, 
dehydroascorbic acid, 2-hydroxy-1 ,4-naphthoquinone, 
isatin, 5-nitroisatin, and various anthraquinone dyes. 
Also, it is possible to carry out air oxidation and macro- 
molecularization simultaneously with enzymatic reac- 
tion under the coexistence of autooxidated substances, 
e.g., unsaturated fatty acids such as oleic acid and 
rinolic acid or unsaturated alcohols such as oleyl alco- 
hol, or unsaturated alkyls such as squalene. 
[0039] Of the macromolecularized phenolic com- 
pounds or aromatic amine compounds produced 
according to the present invention, particularly macro- 
molecules of natural substances or derivatives thereof, 
such as lignin, lignosulfonic acid, humic acid, nitrohumic 
acid, tannin, catechin, gallic acid, urushiol, hesperidin, 
and hinokitiol, are highly useful because they are highly 
safe to environment as well as to humans so that mak- 
ing the best of their characteristics as high-molecular- 
weight compounds, they can be utilized in various fields 
of application such as thickeners, stabilizers, coagu- 
lants, emulsifiers, dispersants. water retainers, antioxi- 
dants, adhesives, concrete admixtures, dyes, coating 
materials, petroleum recovering agents, soil condition- 
ers, blow-applied seed bearing surface soil stabilizers, 
deodorants, smell eliminators, agricultural chemical 
spreaders, feeding stuff binders, bactericides, antimi- 
crobial agents, viral infection inhibitors, bioadhesion 
preventives, biotic repellents, insecticides, poultices, ink 



bases and wood treating agents. It should be noted that 
in these applications, various additive components usu- 
ally used in each field can be employed in combination. 
[0040] Further, in these fields of application, it is pos- 
5 sible to develop applications of higher functions of the 
high-molecular-weight compounds by macromolecular- 
izing natural or non-natural phenolic compounds or aro- 
matic amine compounds under milder reaction 
conditions in the production process of the present 
io invention to control the physical properties such as vis- 
cosity, adhesion, water retention, water solubility, water 
resistance, resilience, and strength or physiological 
effects. 

[0041] Also, in accordance with the present invention, 
is a method of disposing waste water is possible in which 
the enzyme having a polyphenol oxidizing activity is 
allowed to act on waste water containing phenolic com- 
pounds or aromatic amine compounds in the alkaline 
pH region so that the phenolic compounds or aromatic 
20 amine compounds in the waste water can be macromo- 
lecularized and readily concentrated and the macromo- 
lecularized phenolic compounds or aromatic amine 
compounds can be separated and removed from the 
waste water. As the field of application and reaction 
25 substrate for which such an application is particularly 
useful, there can be cited lignin or lignin derivatives in 
the field of paper pulp and dyes such as azo dyes or 
anthraquinone dyes in the field of coloring and dying. By 
carrying out coagulation precipitation treatment by addi- 
30 tion of a coagulant, activated carbon treatment, or filtra- 
tion treatment after the macromolecularization reaction, 
the phenolic compounds or aromatic amine compounds 
in waste water can efficiently be concentrated so as to 
be separated and removed from the waste water. 
35 [0042] Also, in accordance with the present invention, 
a deoxygenation method or production of a deoxygenat- 
ing agent is also possible by allowing the enzyme hav- 
ing a polyphenol oxidizing activity to act on phenolic 
compounds or aromatic amine compounds in the alka- 
40 line pH region to have dissolved oxygen consumed. 
Such deoxygenation method and deoxygenating agent 
are very useful since many natural or non-natural phe- 
nolic compounds or aromatic amine compounds can be 
utilized therein and the concentration of dissolved oxy- 
45 gen can be decreased quickly. 

[0043] Also, in accordance with the present invention, 
impregnation of the enzyme having a polyphenol oxidiz- 
ing activity together with phenolic compounds or aro- 
matic amine compounds into wood and 
50 macromolecularization, in the wood, of the phenolic 
compounds or aromatic amine compounds and in addi- 
tion the polyphenol compounds such as lignin already 
contained in the wood enables improvement in worka- 
bility in a drying step after the wood impregnation treat- 
55 ment. improvement in the strength of wood which was 
decreased due to lignin decomposition by wood boiling 
treatment or high temperature steam injection treat- 
ment, and improvement in the effect of preventing wood 
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cracking upon drying or freezing, prevention of growth 
of microorganisms due to maintenance or improvement 
in anaerobic environment in wood. 
[0044] Also, in accordance with the present invention, 
by allowing polyphenol oxidase and a dye or its precur- 
sor on which the polyphenol oxidase can act, to act on 
wood, it is possible to produce a coloring substance in 
the wood or to comacromolecularize the coloring sub- 
stance and polyphenol compounds such as lignin 
already contained in the wood so that firmer dying or 
coloring treatment of wood can be achieved. In the 
above-described wood dying or coloring treatment, 
many polyphenol oxidases are known to bleach lignin, 
which is a coloring substance contained in wood and, 
hence, the wood dying or coloring treatment according 
to the present invention is very useful since it allows 
enzymatic bleaching and dying or coloring treatment 
simultaneously, thus reducing the number of process 
steps and improving the color tone. 
[0045] Further, in accordance with the present inven- 
tion, by adding the enzyme having a polyphenol oxidiz- 
ing activity together with phenolic compounds or 
aromatic amine compounds to concrete and macromo- 
lecularizing the phenolic compounds or aromatic amine 
compounds in the concrete, it is possible to improve 
slump loss and concrete strength and suppress rust for- 
mation of ferro-reinforcement due to a decrease in the 
concentration of oxygen in the concrete. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0046] Hereafter, the present invention will be 
described more concretely by representative examples 
which, however, are merely exemplary and the present 
invention should not be construed as being limited 
thereto. 

[0047] In the following examples, the molecular weight 
analysis for macromolecularized phenolic compounds 
or aromatic amine compounds was carried out by HPLC 
using 50 mM of potassium phosphate buffer (pH 7.0) or 
0.1 mM of sodium sulfate aqueous solution as an elu- 
ant, Shodex Rl (differential refractive index detector, 
manufactured by Showa Denko) as a detector, and Sho- 
dex PROTEIN KW-802.5 (tandem, manufactured by 
Showa Denko) or a combination of Shodex PROTEIN 
KW802.5 (manufactured by Showa Denko) with Shodex 
OHpak SB-804HQ (manufactured by Showa Denko) as 
a column. 

Example 1: Cultivation and partial purification, concen- 
tration 

[0048] In a 500 ml flask as a cultivation apparatus 
charged with 100 ml of a culture medium containing 
0.134% Na 2 HP0 4 -12H 2 0. 0.03% KH 2 P0 4 . 1% mal- 
tose, 1% peptone, 0.1% yeast extracts. 0.05% 
MgS0 4 -7H 2 0, 0.1 mM CuS0 4 . 1 mM MnCI 2 , and 2 
mM CaCI 2 , adjusted to pH 7.8 by addition of 20% 



Na 2 C0 3 , was inoculated with Bacillus licheniformis 
SD3003 (Accession No. FERM BP-5801). After cultiva- 
tion with shaking at 50°C for 16 hours, the cultivation 
temperature was lowered to 35°C and the cultivation 

5 was continued for 3 days. After the cultivation, the cul- 
ture broth was centrifuged at 4°C to obtain a culture 
broth eliminated the bacillus. To further purify and con- 
centrate this, ammonium sulfate fractionation was effec- 
tive and at 20 to 60 % saturation ammonium sulfate 

7o concentration, most polyphenol oxidase activity was 
recovered as precipitation. The obtained ammonium 
sulfate precipitation was dialyzed against 10 mM Bis- 
tris/HCI buffer solution (pH 7.0). For further purification 
and concentration, there was used ultrafiltration mem- 

15 brane to obtain a partially purified concentrated aque- 
ous solution (0.8 U/ml) in the fractions corresponding to 
molecular weights of 10,000 to 100,000. 

Example 2: Cultivation and concentration 

20 

[0049] In a culture cistern containing a 3 liter culture 
medium consisting of 0.5% glucose. 0.1% NaN0 3 , 
1.34% Na 2 HP0 4 -12H 2 0, 0.3% KH 2 P0 4 , 0.1% NaCI, 
0.2% peptone. 20 ppm yeast extracts, 0.01% 

25 MgS0 4 *7H 2 0, and 0.1 mM CuS0 4 , adjusted to pH 8 
by addition of 10% NaOH, was inoculated with 
Mvrothecium verrucaria SD3001 (Accession No. FERM 
BP-5520) and cultivation with shaking was carried out at 
28°C for 3 days. After the cultivation, centrifugation at 

30 4°C was carried out to obtain 2.5 liters of culture broth 
eliminated the bacillus. 

[0050] Then, a part of the culture broth was concen- 
trated to a fraction having a molecular weight of not 
smaller than 10,000 by using Minitan ultrafiltration sys- 
35 tern (manufactured by Millipore Co.) with Minitan filter 
packet (CAT. No.: PTGCOMP04 manufactured by Milli- 
pore Co.). 

[0051] Furthermore, after further dialysis against 200 
ppm NH 4 HC0 3 , this was lyophilized to obtain a crude 
40 product as a freeze-dried product. The freeze<lried 
product had a polyphenol oxidase activity of 15 U/mg. 
[0052] An aqueous solution of the freeze-dried prod- 
uct showed an absorption maximum near 600 nm, 
which is specific to copper-containing proteins. 

45 

Example 3: Cultivation and concentration 

[0053] In a culture cistern containing a 3 liter culture 
medium consisting of 0.5% glucose, 0.1% NaN0 3 , 

50 1.34% Na 2 HP0 4 -12H 2 0, 0.3% KH 2 P0 4 , 0.1% NaCI. 
0.2% peptone. 20 ppm yeast extracts, 0.01% 
MgS0 4 • 7H 2 0. and 0.1 mM CuS0 4 . adjusted to pH8 by 
addition of 10% NaOH, was inoculated with 
Mvrothecium roridum SD3002 (Accession No. FERM 

55 BP-5523) and cultivation with shaking was carried out at 
28°C for 3 days. After the cultivation, centrifugation at 
4°C was carried out to obtain 2.5 liters of culture broth 
eliminated the bacillus. 
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[0054] Then, a part of the culture broth was concen- 
trated to a fraction having a molecular weight of not 
smaller than 10,000 by using Minitan ultrafiltration sys- 
tem (manufactured by Millipore Co.) with Minitan filter 
packet (CAT. No.: PTGCOMP04 manufactured by Milli- 
pore Co.). 

[0055] Furthermore, after further dialysis against 200 
ppm NH4HCO3, this was lyophilized to obtain a crude 
product as a freeze-dried product. The freeze-dried 
product had a polyphenol oxidase activity of 10 U/mg. 
[0056] An aqueous solution of the freeze-dried prod- 
uct showed an absorption maximum near 600 nm, 
which is specific to copper-containing proteins. 

Example 4: Macromolecularization reaction 

[0057] Macromolecularization reactions [4-1] to [4-3] 
described below were carried out using the partially 
purified concentrated aqueous solution described in 
Example 1, and macromolecularization reaction [4-4] 
was performed using commercially available polyphenol 
oxidase (obtained from TaKaRa). 

[4-1]: 

[0058] 1 ml of reaction mixture was prepared which 
contained 20% (WW) sodium lignosulfonate (obtained 
from Aldrich Chemical Company, Inc.) and the partially 
purified concentrated aqueous solution as a polyphenol 
oxidase in an activity concentration of 300 U/liter, and 
was shaken at a reaction temperature of 70°C and at 
1 00 rpm in a glass test tube to allow reaction. The pH of 
the reaction mixture was adjusted to pH 7.5 with a 
minute amount of sulfuric acid. After the initiation of 
reaction, the color tone of the reaction mixture turned 
denser immediately and after 6 hours, there was 
observed significant progress of macromolecularization 
and after 20 hours, most of the reaction mixture was 
solidified. 

[4-2]: 

[0059] Also, in the case where the reaction was car- 
ried out with changing the activity concentration of 
polyphenol oxidase to 60 U/liter, the whole reaction mix- 
ture was highly viscous liquid after 20 hours from the ini- 
tiation of reaction, and the molecular weight of the 
product increased according as the viscosity increased. 
After continuing additional a 20 hour reaction, there was 
observed partial solidification of the reaction mixture. 
Samples for molecular weight analysis were prepared 
by taking out a part of the reaction mixture and heating 
in a water bath at about 100°C for 15 minutes to termi- 
nate the reaction. 

[4-3]: 

[0060] Also, when lignin (alkali) (obtained from nacalai 



tesque) was used in a concentration of 20% (WYV) 
instead of lignosulfonic acid and the reaction was car- 
ried out at an activity concentration of polyphenol oxi- 
dase of 300 U/liter at pH 7.5, the whole reaction mixture 
5 became highly viscous liquid after 24 hours from the ini- 
tiation of reaction. 

[4-4]: 

10 [0061] 100 ml of reaction mixture was prepared, which 
contained 20% (W/V) sodium lignosulfonate and a com- 
mercially available polyphenol oxidase as a polyphenol 
oxidase in an activity concentration of 300 U/liter and 
was shaken at a reaction temperature of 25°C and at 

15 100 rpm in a 500 ml flask to allow reaction. Since the 
commercially available polyphenol oxidase used herein 
was shown to be acid enzyme having an optimal reac- 
tion pH of 6 to 7 as measured using syringaldazine, the 
pH of the reaction mixture in the macromolecularization 

20 reaction was adjusted to pH 6.5 with a minute amount of 
sulfuric acid. After the initiation of reaction, the color 
tone of the reaction mixture turned denser immediately, 
but it took about 80 hours of reaction before most of the 
reaction mixture could be solidified. 

25 

Example 5: Macromolecularization reaction 

[0062] Using the freeze-dried products described in 
Example 2, there were carried out macromoleculariza- 
30 tion reactions [5-1] to [5-3] below. 

[5-1]: 

[0063] 1 00 ml of reaction mixture was prepared, which 

35 contained 20% (W/V) sodium lignosulfonate and the 
freeze-dried product as a polyphenol oxidase in a con- 
centration of 20 ppm (300 U/liter) and was shaken at a 
reaction temperature of 25°C and at 100 rpm in a 500 
ml flask to allow reaction. The pH of the reaction mixture 

40 was adjusted to pH 9 with NaOH. After the initiation of 
reaction, the color tone of the reaction mixture turned 
denser immediately and after 3 hours, there was 
observed significant progress of macromoleculariza- 
tion, and after 10 hours, most of the reaction mixture 

45 was solidified. Also, in the case where the reaction was 
carried out by changing the amount of polyphenol oxi- 
dase added to 4 ppm, after 20 hours the whole reaction 
mixture became highly viscous liquid, and after continu- 
ing additional a 20 hour reaction, there was observed 

so partial solidification of the reaction mixture. Samples for 
molecular weight analysis were prepared by taking out 
a part of the reaction mixture and heating in a water 
bath at 90°C for 5 minutes to terminate the reaction. 

55 [5-2]: 

[0064] Also, in the case where lignin (alkali) was used 
in a concentration of 20% (W/V) instead of lignosulfonic 
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acid, the reaction was carried out at an activity concen- 
tration of polyphenol oxidase of 300 U/liter at pH 9 and 
at a reaction temperature of 25°C. After the initiation of 
the reaction, the color tone of the reaction mixture 
turned denser immediately, the macromolecularization 5 
reaction proceeded, and after 24 hours, most of the 
reaction mixture was solidified. 

[5-3]: 

10 

[0065] Using 20% (W/V) sodium lignosulfonate, the 
reaction was carried out at a reaction temperature of 
25°C in an activity concentration of polyphenol oxidase 
of 300 U/liter, with the pH of the reaction mixture 
adjusted to 7 with a small amount of sulfuric acid. After 75 
the initiation of the reaction, the color tone of the reac- 
tion mixture turned denser immediately. However, there 
was observed no solidification of the reaction mixture. 

Example 6: Macromolecularization reaction 20 

[0066] Using the freeze-dried products described in 
Example 3, there were carried out macromoleculariza- 
tion reactions [6-1] to [6-2] below. 

25 

[6-1]: 

[0067] 1 00 ml of reaction mixture was prepared, which 
contained 20% (W/V) sodium lignosulfonate and the 
freeze-dried product as a polyphenol oxidase in a con- 30 
centration of 30 ppm (300 U/liter) and was shaken at a 
reaction temperature of 25°C and at 100 rpm in a 500 
ml flask to allow reaction. The pH of the reaction mixture 
was adjusted to pH 9 with NaOH. After the initiation of 
reaction, the color tone of the reaction mixture turned 35 
denser immediately and after 3 hours, there was 
observed significant progress of macromoleculariza- 
tion, and after 10 hours, most of the reaction mixture 
was solidified. 

40 

[6-2]: 

[0068] Also, in the case where lignin (alkali) was used 
in a concentration of 20% (W/V) instead of lignosulfonic 
acid, the reaction was carried at an activity concentra- 45 
tion of polyphenol oxidase of 300 U/liter at pH 9 and at 
a reaction temperature of 25°C. After the initiation of the 
reaction, the color tone of the reaction mixture turned 
denser immediately, and after 24 hours, most of the 
reaction mixture was solidified. so 

Example 7: Macromolecularization reaction 

[0069] 1 00 ml of reaction mixture was prepared, which 
contained 20% (W/V) sodium lignosulfonate and a com- 55 
mercially available bilirubin oxidase (freeze-dried prod- 
uct) (obtained from Sigma) as a polyphenol oxidase in a 
concentration of 300 U/liter and the reaction mixture 



was shaken at a reaction temperature of 25°C and at 
100 rpm in a 500 ml flask to allow reaction. Since the 
bilirubin oxidase used herein was shown to have an 
optimal reaction pH of 8 to 9 as measured using syrin- 
galdazine, the macromolecularization reaction was car- 
ried out at pH 8.5 which was the pH of the reaction 
mixture without adjustment. After the initiation of reac- 
tion, the color tone of the reaction mixture turned denser 
immediately and after 8 hours, there was observed sig- 
nificant progress of macromolecularization, and after 24 
hours, most of the reaction mixture was solidified. 
[0070] Also, when lignin (alkali) was added in a con- 
centration of 20% (W/V) instead of lignosulfonic acid 
and the reaction was carried out at pH 8.5, most of the 
reaction mixture was solidified after 50 hours from the 
initiation of reaction. 

Example 8: Antifungal properties 

[0071] Solid (gel-like) lignosulfonic acid obtained by a 
reaction similar to the macromolecularization reaction 
described in [5-1] in Example 5 was sliced to small 
pieces (10 mm x 10 mm x 3 mm), which were placed in 
the center of an L agar plate. Then, spores of Aspergil- 
lus orizae AHU7134 were spread over the whole sur- 
face of a culture medium of a plate and cultivated at 
28°C for 4 days. As a result, there was observed inhibi- 
tion of growth of the fungus in the range of the upper 
part of and about 2 mm from the periphery of each small 
piece of lignosulfonic acid, which indicated that it was 
useful as an antifungal agent. 

Example 9: Antifungal properties 

[0072] To a 20% (W/V) aqueous solution of sodium 
lignosulfonate was added 200 ppm of hinokitiol 
(obtained from Tokyo Kasei Kogyo Co., Ltd.) and the 
resulting mixture was heated at 90°C to melt hinokitiol, 
followed by suspending hinokitiol using a vortex mixer 
and cooling the suspension to 25°C. To the thus- 
obtained raw material for macromolecularization reac- 
tion was added the freeze-dried product described in 
Example 2 as a polyphenol oxidase in an activity con- 
centration of 300 U/liter, and the mixture was subjected 
to macromolecularization reaction at a reaction temper- 
ature of 25°C and at pH 9 to obtain solidified (gel-like) 
lignosulfonic acid containing hinokitiol. The solid prod- 
uct was sliced to small pieces (10 mm x 10 mm x 3 mm), 
which were placed in the center of an L agar plate. 
Then, spores of Aspergillus orizae AHU7134 were 
spread over the whole surface of a culture medium of a 
plate and cultivated at 28°C for 4 days. As a result, there 
was observed inhibition of growth of the fungus in the 
range of the upper part of and about 1 0 mm from the 
periphery of each piece of lignosulfonic acid, which indi- 
cated that it was useful as an antifungal agent and as an 
antifungal agent retainer. 

[0073] Also, to a 20% (W/V) aqueous solution of 
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sodium lignosulfonate was added (+)-catechin • H 2 0 
(obtained from Sigma) in a concentration of 5,000 ppm 
and the freeze-dried product described in Example 2 as 
a polyphenol oxidase in an activity concentration of 300 
U/liter. Then, the mixture was subjected to macromo- 5 
lecularization reaction at a reaction temperature of 25°C 
and at pH 9 to obtain solidified (gel-like) lignosulfonic 
acid containing catechin. The antifungal properties of 
the solid product was tested in the same manner as in 
the above-described example and as a result, there was w 
observed inhibition of growth of the fungus in the range 
of the upper part of and about 8 mm from the periphery 
of each piece of lignosulfonic acid, which indicated that 
it was useful as an antifungal agent and as an antifungal 
agent retainer. r5 

Example 10: Improvement of concrete 

[0074] A reaction mixture was prepared, which con- 
tained 20% (W/V) sodium lignosulfonate, 1% (W/V) 20 
anthraquinone-2 -sulfonic acid, and the partially purified 
concentrated aqueous solution described in Example 1 
as a polyphenol oxidase in an activity concentration of 
60 U/liter and the reaction mixture was allowed to react 
in the same manner as the macromolecularization reac- 25 
tion described in [4-2] in Example 4. The resulting 
water-soluble macromolecule in an amount of 1/40 vol- 
ume (final concentration of 0.5% by weight as lignosul- 
fonic acid) was admixed with sand at a sand ratio (S/A) 
of 36% by weight and 440 g/liter of cement. The product 30 
showed a slump of 5.5 cm and a water reduction of 
16.8%. To note, when tests similar to those in the above 
example were conducted using samples without macro- 
molecularization reaction, a slump o1 5.7 cm and a 
water reduction of 1 2.5% were obtained, and there was 35 
observed improvement in the effect of water reduction 
by macromolecularization. 

Example 1 1 : Improvement of concrete 

40 

[0075] A reaction mixture was prepared, which con- 
tained 20% (W/V) sodium lignosulfonate, 1% (W/V) 
anthraquinone-2-sulfonic acid, and the freeze-dried 
product described in Example 2 as a polyphenol oxi- 
dase in a concentration of 4 ppm and the reaction mix- 45 
ture was allowed to react in the same manner as the 
macromolecularization reaction described in [5-1] in 
Example 5. The resulting water-soluble macromolecule 
in an amount of 1/40 volume (final concentration of 
0.5% by weight as lignosulfonic acid) was admixed with so 
sand at a sand ratio (S/A) of 36% by weight and 440 
g/liter of cement. The product showed a slump of 5.6 cm 
and a water reduction of 16.9%. To note, when tests 
similar to those in the above example were conducted 
using samples without macromolecularization reaction, 55 
a slump of 5.4 cm and a water reduction of 12.8% were 
obtained, and there was observed improvement in the 
effect of water reduction by macromolecularization. 



Example 12: Improvement of soil 

[0076] A reaction mixture was prepared, which con- 
tained the partially purified concentrated aqueous solu- 
tion described in Example 1 as a polyphenol oxidase in 
an activity concentration of 60 U/liter and the reaction 
mixture was allowed to react in the same manner as the 
macromolecularization reaction described in [4-2] in 
Example 4 to obtain a water-soluble macromolecular- 
ized lignosulfonic acid (20% (W/V)), which was diluted 
with water to obtain a two-fold diluted preparation. To 
note, an operation, such as heating, for terminating the 
macromolecularization reaction was not carried out. 
The aqueous solution of macromolecularized lignosul- 
fonic acid or water each in an amount of 3.0 ml was 
sprayed on a surface of 40 g by weight farm soil con- 
tained in a 50 ml glass beaker. The soil was incubated 
at 28°C and a decrease in weight due to drying was 
measured. After 60 hours, the samples with the spray- 
ing of the aqueous solution of macromolecularized 
lignosulfonic acid and water, respectively, showed a 
decrease in weight of about 6 g and about 12 g, and 
there was observed improvement in water retention due 
to the macromolecularized lignosulfonic acid. Also, the 
sample with the spraying of the aqueous solution of 
macromolecularized lignosulfonic acid showed an 
increase in the hardness of the soil surface, which indi- 
cated usefulness as a soil improving agent and as a 
blow-applied seed bearing surface soil stabilizer. 

Example 13: Improvement of soil 

[0077] A reaction mixture was prepared which con- 
tained the freeze-dried product described in Example 2 
as a polyphenol oxidase in a concentration of 4 ppm 
and the reaction mixture was allowed to react in the 
same manner as the macromolecularization reaction 
described in [5-1] in Example 5 to obtain a water-soluble 
macromolecularized lignosulfonic acid (20% (W/V)), 
which was diluted with water to obtain a two-fold diluted 
preparation. To note, an operation, such as heating, for 
terminating the macromolecularization reaction was not 
carried out. The aqueous solution of macromolecular- 
ized lignosulfonic acid or water each in an amount of 3.0 
ml was sprayed on a surface of 40 g by weight farm soil 
contained in a 50 ml glass beaker. The soil was incu- 
bated at 28°C and a decrease in weight due to drying 
was measured. After 60 hours, the samples with the 
spraying of the aqueous solution of macromolecularized 
lignosulfonic acid and water, respectively, showed a 
decrease in weight of about 5 g and about 12 g, and 
there was observed an increase in water retention due 
to the macromolecularized lignosulfonic acid. Also, the 
sample with the spraying of the aqueous solution of 
macromolecularized lignosulfonic acid showed an 
increase in the hardness of the soil surface, which indi- 
cated usefulness as a soil improving agent and as a 
Wow-applied seed bearing surface soil stabilizer. 
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Example 14: Wood treatment 

[0078] A reaction mixture was prepared which con- 
tained the freeze-dried product described in Example 2 
as a polyphenol oxidase in a concentration of 4 ppm 
and the reaction mixture was allowed to react in the 
same manner as the macromolecularization reaction 
described in [5-1] in Example 5 to obtain a water-soluble 
macromolecularized lignosulfonic acid (20% (W/V)). To 
note, an operation, such as heating, for terminating the 
macromolecularization reaction was not carried out. An 
aqueous solution of the macromolecularized lignosul- 
fonic acid was diluted to 10 fold. Using the resulting 
solution as a wood treating agent, injection treatment 
with the agent was conducted on a cryptomeria log 
(unseasoned wood of 3 cm in diameter and 20 cm in 
length) which was treated in aqueous 0.1% Tween 80 
solution at 60°C for 16 hours after removal of its bark. 
The injection treatment was carried out by the Bethel! 
process involving pressure reduction to 720 mmHg and 
pressurization to 10 kg/cm 2 . The log samples subjected 
to injection treatment with non-macromolecularized 
lignosulfonic acid and macromolecularized lignosulfonic 
acid, respectively, (two in each case) were set on the 
soil about 20 cm from the circumference of the nest of 
termite and left to stand for 2 months. Then, observation 
was made of termite preventing effect by the treatment 
with the agent. As a result, slight eating by termite 
occurred in the log samples treated with the non-macro- 
molecularized lignosulfonic acid whereas no eating by 
termite was observed in the log samples treated with 
the macromolecularized lignosulfonic acid, the latter 
samples maintaining (homogeneity smoothness, luster) 
of log surface. 

Example 15: Wood treatment 

[0079] To a preparation obtained by adjusting an 
aqueous 1% p-phenylenediamine di hydrochloride 
(manufactured by Kanto Kagaku Co., Ltd.) to pH 9 with 
a small amount of NaOH was added the freeze-dried 
product described in Example 2 as a polyphenol oxi- 
dase in a concentration of 0.2 ppm. The preparation 
was immediately coated on a oak plate. Coloring reac- 
tion proceeded quickly on the surface and inside (depth: 
up to about 3 mm) of the plate to give rise to a plate 
material firmly colored in dark brown. 



carry out macromolecularization reaction. After the initi- 
ation of reaction, coloring of the reaction mixture started 
immediately and after 1 hour, significant coloring and 
coagulation of the macromolecule were observed due 

5 to progress of the oxidization and the macromoleculari- 
zation. The reaction mixture was passed through a sim- 
ple column containing KC flock (manufactured by 
Nippon Seishi Co., Ltd.), which is powdery cellulose, as 
a filter material, in a volume of about 40 cm 3 . Thus, 

w rnost part of the macromolecule derived from p-phe- 
nylenediamine could be filtered off from the aqueous 
solution. 

[0081 ] To note, when p-phenylenediamine was treated 
in the same manner as in the above-described example 

15 except that the partially purified concentrated aqueous 
solution described in Example 1 in an activity concen- 
tration of 30 U/liter as a polyphenol oxidase was used 
instead of 2 ppm of the freeze-dried product described 
in Example 2, most part of the macromolecule derived 

20 from p-phenylenediamine was filtered off from the aque- 
ous solution similarly. 

Example 17: Deoxygenating agent 

25 [0082] As a phenolic compound was used 50 mM of 
L-ascorbic acid Na, on which the freeze-dried product 
described in Example 2 was allowed to act in a concen- 
tration of 4 ppm at pH 9.0 at a temperature of 25°C and 
oxygen consumption rate was measured using a 

30 manometer. As a result, the concentration of dissolved 
oxygen after 1 hour from the initiation of reaction 
decreased to 0.05% of that at the initiation of reaction, 
which indicated that the phenolic compound had high 
deoxygenating property. 

35 [0083] To note, when oxygen consumption rate was 
measured in the same manner as in the above- 
described example except that the partially purified con- 
centrated aqueous solution described in Example 1 in 
an activity concentration of 30 U/liter was used instead 

40 of 4 ppm of the freeze-dried product described in Exam- 
ple 2, the concentration of dissolved oxygen after 1 hour 
from the initiation of reaction decreased to 0.2% of that 
at the initiation of reaction, which indicated that the 
aqueous solution had high deoxygenating property sim- 

45 ilarly. 

INDUSTRIAL APPLICABILITY 



Example 16: Waste water treatment 

[0080] As a model of waste water containing phenolic 
compounds or aromatic amine compounds was used a 
10 mM aqueous p-phenylenediamine dichlortde solu- 
tion. 100 ml of reaction mixture was prepared by adding 
as a polyphenol oxidase the freeze-dried product 
described in Example 2 in a concentration of 2 ppm and 
the reaction mixture at pH 8 was shaken at a reaction 
temperature of 25°C and at 60 rpm in a 500 ml flask to 



[0084] According to the present invention, efficient 
so macromolecularization reaction of phenolic compounds 
or aromatic amine compounds is achieved and thicken- 
ers, stabilizers, coagulants, emulsifiers, dispersants, 
water retainers, antioxidants, adhesives, concrete 
admixtures, dyes, coating materials, petroleum recover- 
55 ing agents, soil conditioners, blow-applied seed bearing 
surface soil stabilizers, deodorants, smell eliminators, 
agricultural chemical spreaders, feeding stuff binders, 
bactericides, antimicrobial agents, viral infection inhibi- 
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tors, bioadhesion preventives, biotic repellents, insecti- 
cides, poultices, ink bases and wood treating agents 
containing the macromolecule is provided efficiently. 
[0085] Also, by utilizing the present invention, there is 
provided an efficient production method for producing s 
thickeners, stabilizers, coagulants, emulsifiers, disper- 
sants, water retainers, antioxidants, adhesives, con- 
crete admixtures, dyes, coating materials, petroleum 
recovering agents, soil conditioners, blow-applied seed 
bearing surface soil stabilizers, deodorants, smell elimi- io 
nators, agricultural chemical spreaders, feeding stuff 
binders, bactericides, antimicrobial agents, viral infec- 
tion inhibitors, bioadhesion preventives, biotic repel- 
lents, insecticides, poultices, ink bases and wood 
treating agents. 15 
[0086] Further, in accordance with the present inven- 
tion, there are provided a method of waste water dis- 
posal, a method of deoxygenation, and methods of 
treating wood, concrete and soil, respectively, utilizing 
the macromolecularization reaction of phenolic com- 20 
pounds or aromatic amine compounds. 
[0087] Also, Bacillus licheniformis SD3003 (Accession 
No. FERM BP-5801), Mvrothecium verrucaria SD3001 
(Accession No. FERM BP-5520). and Mvrothecium rori- 
dum SD3002 (Accession No. FERM BP-5523) used in 25 
the present invention are very useful for the production 
of the macromolecules of the present invention. 

Claims 

30 

1 . A process of producing phenolic compounds or aro- 
matic amine compounds having increased molecu- 
lar weights, characterized by comprising allowing 
an enzyme having a polyphenol oxidizing activity to 

act on phenolic compounds or aromatic amine 35 
compounds in the alkaline pH region to macromo- 
lecularize them. 

2. The process as claimed in claim 1 , characterized in 
that the macromolecularization is carried out in the 40 
alkaline pH region of not lower than pH 8. 

3. The process as claimed in claim 1 or 2, character- 
ized in that as the enzyme having a polyphenol oxi- 
dizing activity is used one or more of catechol 45 
oxidase, laccase, polyphenol oxidase, ascorbic acid 
oxidase or bilirubin oxidase. 

4. The process as claimed in any one of claims 1 to 3, 
wherein use is made of an enzyme having a so 
polyphenol oxidizing activity obtained by cultivating 

a bacterium belonging to the genus Bacillus . 

5. The process as claimed in claim 4. wherein the 
enzyme having a polyphenol oxidizing activity is an 55 
enzyme obtained by cultivating Bacillus licheni- 
formis or Bacillus natto. 



6. The process as claimed in claim 5, wherein the 
enzyme having a polyphenol oxidizing activity is an 
enzyme obtained by cultivating Bacillus licheni- 
formis SD3003 (Accession No. FERM BP-5801). 

7. The process as claimed in any one of claims 1 to 3, 
wherein the enzyme having a polyphenol oxidizing 
activity is an enzyme obtained by cultivating a fun- 
gus belonging to the genus 

8. The process as claimed in claim 7, wherein the 
enzyme having a polyphenol oxidizing activity is an 
enzyme obtained by cultivating Mvrothecium 
verrrucaria or Myrothecium roridum . 

9. The process as claimed in claim 8, wherein the 
enzyme having a polyphenol oxidizing activity is an 
enzyme obtained by cultivating Mvrothecium verru- 
caria SD3001 (Accession No. FERM BP-5520) or 
Mvrothecium roridum SD3002 (Accession No. 
FERM BP-5523). 

10. The process as claimed in any one of claims 1 to 9, 
wherein the enzyme having a polyphenol oxidizing 
activity is an enzyme which has an optimal reaction 
pH in the alkaline region of not lower than pH 7.5 
when the activity thereof is measured with syringal- 
dazine. 

11. The process as claimed in any one of claims 1 to 
10, wherein the phenolic compound is lignin or a 
lignin derivative. 

12. The process as claimed in claim 11, wherein the 
lignin derivative is lignosulfonic acid. 

13. The process as claimed in any one of claims 1 to 
10, wherein the phenolic compound is flavonoid. 

14. The process as claimed in any one of claims 1 to 

13, characterized in that the macromolecularization 
reaction is carried out by adding one or more of a 
quinone compound, unsaturated fatty acid, unsatu- 
rated alcohol or an unsaturated alkyl compound to 
the phenolic compound or aromatic amine com- 
pound. 

15. The process as claimed in any one of claims 1 to 

14, wherein an antimicrobial compound, an antiviral 
compound, a biotic repellent compound, an insecti- 
cidal compound or a metal ion coexists. 

16. The process as claimed in any one of claims 1 to 

15, wherein the macromolecularization is carried 
out at a temperature of 0 to 100°C. 

17. Thickeners, stabilizers, coagulants, emulsifiers, dis- 
persants, water retainers, antioxidants, adhesives, 
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concrete admixtures, dyes, coating materials, amine compound in the soil, 

petroleum recovering agents, soil conditioners, 
blow-applied seed bearing surface soil stabilizers, 
deodorants, smell eliminators, agricultural chemical 
spreaders, feeding stuff binders, bactericides, anti- 5 
microbial agents, viral infection inhibitors, bioadhe- 
sion preventives, biotic repellents, insecticides, 
poultices, ink bases or wood treating agents, com- 
prising polymer compound produced by the proc- 
ess as described in any one of claims 1 to 1 6. w 



18. A process of producing thickeners, stabilizers, 
coagulants, emulsifiers, dispersants, water retain- 
ers, antioxidants, adhesives, concrete admixtures, 
dyes, coating materials, petroleum recovering is 
agents, soil conditioners, blow-applied seed bear- 
ing surface soil stabilizers, deodorants, smell elimi- 
nators, agricultural chemical spreaders, feeding 
stuff binders, bactericides, antimicrobial agents, 
viral infection inhibitors, bioadhesion preventives, 20 
biotic repellents, insecticides, poultices, ink bases 
or wood treating agents, comprising the step of 
macromolecularizing the phenolic compounds or 
aromatic amine compounds as described in any 
one of claims 1 to 1 6. 25 



19. A method of disposing of waste water, character- 
ized by comprising macromolecularizing phenolic 
compounds or aromatic amine compounds in waste 
water in accordance with the method as described 30 
in any one of claims 1 to 16 and removing it from 
the waste water. 



20. A deoxygenating agent for use in the alkaline pH 
region, characterized by comprising a phenolic 35 
compound or aromatic amine compound and the 
enzyme having a polyphenol oxidizing activity as 
described in any one of claims 1 to 16. 



21. A method of treating wood, characterized by com- 40 
prising impregnating wood with an enzyme having 
a polyphenol oxidizing activity together with a phe- 
nolic compound or aromatic amine compound and 
macromolecularizing the phenolic compound or 
aromatic amine compound in the wood. 45 



22. A method of treating concrete, characterized by 
comprising adding to concrete an enzyme having a 
polyphenol oxidizing activity together with a phe- 
nolic compound or aromatic amine compound and so 
macromolecularizing the phenolic compound or 
aromatic amine compound in the concrete. 



23. A method of treating soil, characterized by compris- 
ing adding to soil an enzyme having a polyphenol ss 
oxidizing activity together with a phenolic com- 
pound or aromatic amine compound and macromo- 
lecularizing the phenolic compound or aromatic 
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